ABSTRACT. Isolates of the yeast Malassezia pachydermatis obtained from skin samples of healthy dogs and of dogs with atopic dermatitis in Japan, Taiwan and Korea were molecularly characterized using intergenic pacer 1 (IGS1) region analysis. The percentage of IGS1 subtype isolates detected in healthy skin was as follows: 1A (6%), 1B (27%), 1C (11%), 2A (6%), 2B (6%), 3A (11%), 3B (6%), 3C (3%) and 3D (24%). In contrast, the most prevalent isolates detected in skin lesions of atopic dermatitis were subtype 3D in Japan and Taiwan and subtype 3C in Korea. All subtype isolates grew well on acidic medium (pH 6). However, subtype 3C and 3D isolates grew better than the other subtype isolates on medium at pH 8. KEY The yeast Malassezia pachydermatis has been molecularly classified into three major groups (1, 2 and 3) with 10 subtypes (1A, 1B, 1C, 1D, 2A, 2B, 3A, 3B, 3C and 3D) for epidemiological studies [8] . In a previous study in Japan, subtype 3D isolates of M. pachydermatis were obtained more frequently from canine skin lesions of atopic dermatitis than from healthy canine skin. Moreover, the subtype 3D isolates grew much better on alkaline medium than the non-3D subtype isolates, indicating that the growth of specific subtypes of this yeast has a high dependence on the pH of the medium [3] . We hypothesized that subtype 3D isolates of M. pachydermatis would selectively grow on skin with a pH that was higher than normal. In particular, the pH of canine skin with activated apocrine secretion is reported to be more alkaline than that of healthy canine skin, with a pH ranging from 8.2 to 9.0 [4] . In addition, clinical signs of canine Malassezia dermatitis usually include alkaline waxy exudates, which enhance the growth of M. pachydermatis.
The yeast Malassezia pachydermatis has been molecularly classified into three major groups (1, 2 and 3) with 10 subtypes (1A, 1B, 1C, 1D, 2A, 2B, 3A, 3B, 3C and 3D) for epidemiological studies [8] . In a previous study in Japan, subtype 3D isolates of M. pachydermatis were obtained more frequently from canine skin lesions of atopic dermatitis than from healthy canine skin. Moreover, the subtype 3D isolates grew much better on alkaline medium than the non-3D subtype isolates, indicating that the growth of specific subtypes of this yeast has a high dependence on the pH of the medium [3] . We hypothesized that subtype 3D isolates of M. pachydermatis would selectively grow on skin with a pH that was higher than normal. In particular, the pH of canine skin with activated apocrine secretion is reported to be more alkaline than that of healthy canine skin, with a pH ranging from 8.2 to 9.0 [4] . In addition, clinical signs of canine Malassezia dermatitis usually include alkaline waxy exudates, which enhance the growth of M. pachydermatis.
In the present study, we investigated the characteristics of additional isolates of M. pachydermatis that were obtained from dogs in Japan, Taiwan and Korea in 2010 and 2011, in order to confirm the above-described pH-dependence of growth [3] .
M. pachydermatis isolates were obtained from 24 dogs without skin disease (all from Japan) and from 42 dogs with skin lesions of atopic dermatitis (11 from Japan, 11 from Korea and 20 from Taiwan). Atopic dermatitis was diagnosed according to Scott et al. [6] and Olivry et al. [5] . All patient dogs had typical lesions with greasy or waxy exudates. Samples were obtained from healthy skin (24 dogs) and from skin lesions of atopic dermatitis (42 dogs). Each sample was derived from at least 3 areas of the external ear, paw, and abdominal regions and samples were cultured using CHROMagar Malassezia medium (CHROMagarm, Paris, France) [2] .
Isolates of M. pachydermatis(n=182) were identified phenotypically based on morphology and on their ability to grow on medium with no lipid supplementation [1] . The isolates were divided into two groups: Group I consisted of 72 (3 strains per 1 dog) isolates collected from the healthy skin of 24 healthy dogs, and Group II consisted of 110 (2 or 3 isolates per 1 patient) isolates collected from the atopic dermatitis skin lesions of 42 dogs (25 isolates from Japan, 22 isolates from Korea and 63 isolates from Taiwan).
After cultivation of the isolates on modified Dixon agar (3.6% malt extract, 0.6% peptone, 2.0% desiccated ox bile, 1.0% Tween 40, 0.2% glycerol, 0.2% oleic acid and 12% agar, pH 6.0.) [1] at 32°C for 1 week, DNA samples were collected by scraping individual colonies on the surface of the media, which were then suspended in lysis buffer (1 mg/ml of zymolyase 100T (Takara, Kyoto, Japan), 0.1 mM EDTA, 1% sodium dodecyl sulfate (SDS), 10 mM Tris hydrochloride and 0.3% 2-mercaptoethanol, pH 8.0). The samples were then incubated at 37°C for 14 hr.
The microbial genomic DNA samples were collected using standard phenol-chloroform extraction of the lysed suspensions. DNA was precipitated by the addition of a 2.5× volume of ethanol followed by gentle mixing. The precipitated DNA was centrifuged at 10,000 g for 10 min, the supernatant discarded and the pellet was washed with 70% ethanol. Each air-dried DNA sample was dissolved in 75 µl of distilled water.
The primer set for PCR amplification of the IGS1 domain from rDNA was designed by Sugita et al. as previously described: 26S-F (5′-ATCCTTTGCAGACGACTTGA-3′) and Mala-R (5′-TGCTTAACTTCGCAGATCGG-3′) [8] .
Thirty-five cycles of PCR amplification were performed under the following conditions: denaturation for 30 sec at 95°C, primer annealing for 30 sec at 58°C and polymerization for 1 min at 72°C in a total reaction volume of 20 µl of an amplification mixture consisting of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 2.5 mM of each deoxynucleotide triphosphate, 1.0 U Taq polymerase (Takara) and 0.5 µg of each primer. The resultant amplified DNA fragments were electrophoresed on a 2% (w/v) agarose gel and were visualized using ethidium bromide.
An approximately 550-to 900-bp DNA band amplified from each sample was excised from the gel and was then purified using the ExoSAP-IT ® kit (USB Corporation, Cleveland, OH, U.S.A.) and sequenced using an ABI PRISM 310
Genetic Analyzer (Applied Biosystems, Foster City, CA, U.S.A.).
We used the BLAST database analysis program in GenBank (http://blast.ncbi.nlm.nih.gov/) to determine homology relationships between the IGS1 region of a reference strain of M. pachydermatis and that of the samples.
Four isolates of subtype 1A, 3 isolates of subtype 1B, 4 isolates of subtype 1C, 3 isolates of subtype 2A, 4 isolates of subtype 2B, 4 isolates of subtype 3A, 3 isolates of subtype 3B, 1 isolate of subtype 3C and 6 isolates of subtype 3D obtained from the skin of healthy dogs in Japan were suspended in modified Dixon broth (CFU: 5 × 10 6 /ml). One isolate of subtype 1A, 3 isolates of subtype 1B, 18 isolates of subtype 3C and 23 isolates of subtype 3D (all isolates from atopic dermatitis of dogs in Japan, Korea and Taiwan) were also suspended in modified Dixon broth (CFU: 5 × 10 6 /ml). Twenty microliters of yeast suspension were cultured on modified Dixon agar plates of four different pH values (pH 6.0, 7.0, 8.0 and 9.0) for 7 days at 32°C, and colonies developed on the plate were counted.
The prevalence of each M. pachydermatis IGS1 subtype isolate in healthy skin of dogs in Japan, expressed as a percentage of a total of 72 isolates was: 1A (6%), 1B (27%), 1C (11%), 2A (6%), 2B (6%), 3A (11%), 3B (6%), 3C (3%) and 3D (24%) (Fig. 1) . In contrast, the most prevalent isolates from skin lesions of atopic dermatitis were subtype 3D in Japan and Taiwan and subtype 3C in Korea (Fig. 1) . All isolate subtypes grew well on acidic medium (pH 6). However, most of the subtype 3C and 3D isolates from both the skin samples of healthy dogs and those of dogs with atopic dermatitis grew well on medium at pH 8 (Table 1) . Moreover, some isolates of subtype 3C from Korea and of subtype 3D from Japan and Taiwan also grew well on medium at pH 9 (Table 1) .
In the present study, we demonstrated that isolates of subtype 3D were frequently obtained from dogs in Japan and Taiwan with atopic dermatitis. Subtype 3C isolates were most frequently obtained from dogs in Korea with atopic dermatitis. Most of the isolates that were obtained from skin lesions of canine atopic dermatitis with greasy or waxy exudates could grow on alkaline medium, supporting our hypothesis that subtype 3C and 3D isolates of M. pachydermatis would predominantly colonize waxy skin, which has a higher pH than normal skin [3] . The isolates of each subtype were cultured on modified Dixon agar medium at four different pH values. The clinical isolates of subtypes 3C and 3D grew better on alkaline medium (pH 8) than the other subtype isolates, indicating that the growth of M. pachydermatis isolates of each specific subtype is highly dependent on the pH of the medium. Further investigation is required regarding the mechanisms behind the differences in virulence among the genotypes of M. pachydermatis.
Selander et al. reported that the host interaction with Malassezia can stimulate the production of allergens. The release of Malassezia sympodialis allergens is indeed significantly higher at pH 6, reflecting the higher pH of skin from patients with atopic eczema compared to allergen release at pH 5.5, which is the normal skin pH [7] . Therefore, subtypes 3C and 3D of M. pachydermatis might stimulate the production of allergens on the higher pH of skin from canine atopic eczema .
Our study showed that selection for the overgrowth of specific M. pachydermatis subtypes relates with canine atopic dermatitis.
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